Attending to food being eaten ('attentive eating') may reduce later overeating. However, evidence in support of this comes primarily from studies in women. The aims of the current study were to investigate the effect that attentive eating has on later food intake in men and examine potential underlying mechanisms. Using a withinsubjects design, 34 men (BMI M = 23.73 kg/m 2 , SD = 2.93; age M = 29.15, SD = 11.99) consumed a fixed lunchtime meal on two study days. On one study day participants were instructed to pay attention to the sensory properties of the meal as they ate (focused attention condition), and on the other study day participants ate lunch normally. Three hours after each lunchtime session, ad libitum consumption of snack food was measured, and measures of memory for the earlier lunchtime meal were completed. Participants remembered the lunch to be significantly more satiating in the focused attention condition compared to the control condition. However, focused attention did not significantly affect later ad libitum snack intake or other measures of meal memory. Further research is needed to understand when focused attention influences subsequent food intake before this approach can be used effectively to reduce food intake.
Introduction
Research suggests that both animals and humans use recent memory for food intake when making subsequent decisions about food consumption (Davidson, Kanoski, Schier, Clegg, & Benoit, 2007; Higgs, 2016) . For example, cueing memory of an earlier meal decreased subsequent food intake in human experimental laboratory studies (Higgs, 2002; Higgs, Williamson, & Attwood, 2008) . In one study, memory of food consumption was a better predictor of subsequent hunger than earlier food consumption (Brunstrom et al., 2012) .
Memory for recent food intake can be influenced by altering the amount of attention paid to food at the time of consumption. Paying less attention to food being consumed (such as by watching TV while eating) can impair memory for what was consumed and increase food intake later the same day (Higgs & Woodward, 2009; Mittal, Stevenson, Oaten, & Miller, 2011; Oldham-Cooper, Hardman, Nicoll, Rogers, & Brunstrom, 2011) . Conversely, in a small number of studies increasing attention paid to food has been found to enhance memory for what was eaten and reduce food intake later the same day (Higgs & Donohoe, 2011) . Specifically, asking participants to attend to the sensory properties of the food as it was consumed reduced later snack food intake in undergraduate student women (Higgs & Donohoe, 2011) and in women with overweight/obesity (Robinson, Kersbergen, & Higgs, 2014) . Further, Seguias and Tapper (2018) found reduced later snack intake, whereas Whitelock, Higgs, Brunstrom, Halford, and Robinson (2018) , found no effect on later snack intake in a sample of men and women. In both Seguias and Tapper (2018) and Whitelock et al. (2018) the studies were not designed to examine whether the effect that focused attention has on later food intake is influenced by gender and subsequently, a relatively small number of men were tested. Thus, the effect of focused attention during a meal on later food intake in men remains unclear and studies suggest that men and women can respond differently to attempts to alter the way in which food is consumed (Francis, Stevenson, Oaten, Mahmut, & Yeomans, 2017; Martin et al., 2007) . This current evidence gap is of importance as 'attentive eating' could be adopted as an intervention approach to improve nutrition and aid weight loss. example, feasibility testing of a smartphone application that encourages a more attentive eating style supports that 'attentive eating' could be a tool adopted by people trying to eat less and lose weight (Robinson et al., 2013) .
The exact memory mechanisms underlying the effect of focused attention on later food intake also remain unclear. In the presence of a reduction in later snack intake, one study reported increased memory vividness for the earlier meal (Higgs & Donohoe, 2011 ), yet other studies have not replicated this (Robinson et al., 2014; Seguias & Tapper, 2018) . Seguias and Tapper (2018) also found that focused attention did not increase memory for the quantity or type of food eaten. In the absence of reduced later food intake, two studies also found no evidence that focused attention improved meal memory (Whitelock et al., 2018) . In the current study we investigated potential memory mechanisms underlying the effect of focused attention on later snack intake. Specifically, memory for how satiated one felt after a recent meal may influence how much a person chooses to eat later, and/or memory for the visual amount (portion size) of food consumed may be of importance (Brunstrom et al., 2012; Higgs, 2016) . This paper reports the results of a study that aimed to examine the effect of focused attention on later snack intake in men, and to examine the aspects of meal memory that may underlie this effect. More specifically, we hypothesised that focused attention to a lunchtime meal would enhance memory for the earlier meal and that this would reduce later snack intake compared to a control condition.
Methods

Design
Participants were recruited to a study described as investigating 'mood and taste-perception' (cover story). Using a within-subjects design participants attended two study days, in which they consumed a fixed lunchtime meal and then returned 3 h later. On one study day participants were instructed (via a pre-recorded audio clip playing through headphones) to pay focused attention to the lunchtime meal by attending to the look, smell and flavour of the food (focused attention condition). The focused attention instructions were the same as in previous studies (Higgs & Donohoe, 2011; Robinson et al., 2014; Whitelock et al., 2018) and the transcript of the audio clip is provided in Supplementary Materials. On another study day participants ate normally without the focused attention instructions (control condition). Study days were spaced at least seven days apart and were completed in a randomised order. The allocation sequence was created using the Sealed Envelope Ltd, UK website (Sealed Envelope Ltd, 2015) , and used a 1:1 allocation ratio, ensuring an equal number of participants completed each condition first. During the later session ad libitum snack intake was measured in a bogus taste-test. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human participants were approved by The University of Liverpool Institute of Psychology Health and Society Research Ethics Committee (IPHS-1617-LB-278-Generic RETH000955). Written informed consent was obtained from all participants.
Participants
We recruited men aged between 18 and 60 years old, with English as their first language, BMI 18.5-29.9 kg/m 2 (based on self-report height and weight in a screening questionnaire), not taking medication that affects appetite, with no known history of food allergies or disordered eating and who were regular breakfast eaters. Previous studies investigating the effect of focused attention have tended to find statistically large effects (Higgs & Donohoe, 2011; Robinson et al., 2014) (d = 0.88; d = 0.73) . However, this has not been assessed solely in men before and therefore we powered the study more conservatively. To detect a medium effect size of dz = 0.5 with 80% power, a minimum sample size of 34 was required. To allow for necessary exclusions (e.g. failure to follow study instructions or directly guessing the aims of the study), we planned to recruit up to 40 participants. The method and analysis strategy for this study was pre-registered on the Open Science Framework (see protocol and final dataset here: https://doi.org/10.17605/OSF.IO/P725E).
Lunchtime meal
The fixed lunchtime meal consisted of one and a quarter ham sandwiches (crusts removed and cut into squares), 4 Tesco mini cheese and onion rolls, 15 original flavour Pringles (totalling ∼671 kcal) and a 200 ml glass of water. The lunchtime meal in previous studies in women was approximately 400-500 kcal (Higgs & Donohoe, 2011; Robinson et al., 2014) , and so we increased the kcal content slightly for this study in men. Pilot testing with men prior to the present study suggested that this amount was acceptable, and this is also in line with the recently published UK Government kcal per meal recommendations (Public Health England, 2017, 600 kcal for lunch).
Bogus taste-test
The bogus taste-test is a valid measure of food intake (Robinson et al., 2017) and in this study consisted of three bowls of biscuits (3 × 70g each of Maryland chocolate chip cookies ∼ 341 kcal, Cadbury's chocolate fingers ∼ 361 kcal and McVities digestives ∼ 337 kcal; total ∼ 1039 kcal) broken up to reduce monitoring of food intake by participants. Participants were asked to make ratings about how crunchy, flavoursome and enjoyable each biscuit was on 100-point paper-based visual analogue scales (anchors: not at all, extremely) to bolster the cover story, and were left alone for 10 min to complete this. The weight of each biscuit remaining was subtracted from the weight of each biscuit provided, converted to kcal and totalled to create the main dependent variable (total snack intake in kcal).
Measures
In order to characterise the sample we included measures of age and dietary habits (Three Factor Eating Questionnaire-R21; TFEQ, Cappelleri et al., 2009) .
Meal satisfaction. Participants were asked to rate the extent to which they agreed with the following statements on 100-point computerised visual analogue scales (anchors: not at all, extremely), (1) 'the lunchtime meal was satisfying', (2) 'I was dissatisfied with the lunchtime meal', (3) 'the size of the lunchtime meal was too small'.
Self-reported memory for satiety. Participants were asked to 'think back to the lunchtime meal of sandwiches, crisps and cheese and onion rolls you had' and rate (1) 'how filling was the lunchtime meal?', (2) 'how satisfying/dissatisfying was the lunchtime meal?', (3) 'how full up did you feel after the lunchtime meal?' and (4) 'how satisfied/dissatisfied did you feel after the lunchtime meal?' on 100-point computerised visual analogue scales (anchors: not at all, extremely).
Expected satiety. Participants completed a computerised task in which they were asked to select the portion size of 18 meal foods to indicate the amount of that food would be required to produce the sensation of fullness that they experienced after lunch; as in Whitelock et al. (2018) . Participants could select from 50 portions sizes for each food item ranging from 20 kcal to 1000 kcal. The average kcal of the portion sizes selected was the outcome measure for this task.
Visual memory for portion size. Visual memory for portion size was assessed by asking participants to recall how many sandwich squares, cheese and onion rolls and Pringles they ate. An accuracy score was calculated by subtracting the number of items consumed from what was recalled separately for each food item, and taking the sum of the absolute values of this.
Memory vividness. Participants were asked to 'think back to eating lunch earlier, how vivid is your memory of eating lunch?' (Higgs & Donohoe, 2011; Robinson et al., 2014 ) (100-point computerised visual analogue scale, anchors: not at all, extremely).
Non-food object identification and recall task. To examine whether any effects of focused attention on memory performance were food specific, participants were asked to write down the names of 18 non-food objects (also used as an informal English language proficiency check) at the beginning of the lunchtime session on each study day and were asked to recall as many of these as possible in each afternoon session. A different set of non-food pictures were used on the second testing day. The total number of items correctly recalled on each study day was taken as a measure of memory for non-food objects.
Procedure
Participants were screened for eligibility via email. Suitable participants were asked to consume their normal breakfast on each testing day and to abstain from eating 2 h prior to the lunchtime session. In the lunchtime session participants were seated in a testing cubicle alone and asked to not use their phone for the duration of the study. Participants first completed a medical history questionnaire to ensure they did not have any food-related allergies (first session only) and the non-food object identification task. Participants then completed a set of computerised 100-point visual analogue scales (anchors: 'not at all' to 'extremely') to measure hunger, fullness (e.g. 'how hungry do you feel right now?') and various mood dimensions to bolster the cover story. Next, the researcher brought in the lunch. On both study days participants were told they have 10 min to eat and were asked to try to finish the meal. On the focused attention study day participants were additionally instructed to listen carefully to the audio clip (via headphones) while eating. Participants were also told to let the researcher know if they finished before the 10 min was over (so that meal duration could be timed unbeknown to participants). After the lunch, participants completed the meal satisfaction questions and then the appetite and mood ratings again. Participants were then asked not to consume any food or drink (except water) between sessions.
When returning for the afternoon session three hours from the start of the lunchtime session, participants completed the same appetite and mood rating scales as in the lunchtime session. Next, participants completed the taste-test and the same appetite and mood ratings again. Participants then completed the memory vividness measure, followed by the visual memory for portion size and memory for satiety measures in a randomised order. Within the memory for satiety measures, participants completed the self-report measure first and then the expected satiety task. Participants were then given three minutes to recall as many objects from the non-food object identification task as possible.
At the end of both study days, participants were asked what time they last ate before the study and whether they ate between study sessions (to check study instruction compliance). At the end of the second study day, participants completed the TFEQ and demographic questions. Awareness of the study aims was assessed using a funnelled debrief procedure where participants were asked to write down (1) 'what do you think the aims of the study were?', (2) 'what do you think we were expecting to find?' and (3) 'based on how you ate lunch on the two study days, how do you think we expected this to affect your behaviour in the afternoon sessions?' Height and weight were then measured using electronic scales and a stadiometer to calculate BMI, and participants were debriefed and reimbursed in cash (£30) or awarded course credits.
Analysis strategy
The three post-lunch meal satisfaction questions were correlated for both study days (smallest r = 0.38). Principle components analysis 1 with varimax rotation yielded a single factor solution with an eigenvalue above 1 (Kaiser, 1960) , and 'levelling off' in the scree plot confirmed that this was appropriate (Cattell, 1966) . Therefore, the mean of these items was calculated to create a single outcome measure. Paired samples t tests were used to check if study days differed on percentage of the lunch consumed, meal duration, eating rate and satisfaction immediately after eating lunch. Paired samples t tests were also used to assess whether snack food intake differed across study days (total snack intake in kcal). Repeated measures ANOVA was used to examine whether hunger differed at study time-points across the two study days. Bonferroni corrected pairwise comparisons were used to follow-up significant main effects of study time-point. Partial eta squared was reported as our measure of effect size (Cohen, 1988 : small = 0.01; medium = 0.06; large = 0.14). Four out of the six items measuring selfreported memory for satiety were correlated (smallest r = 0.59). Principle components analysis on the six self-reported memory for satiety measures showed different factor loadings for the two study days. For the focused attention study day, a two factor solution was obtained, with the four correlated items loading onto the first factor, and the two questions that did not correlate with other measures of memory for satiety loading onto a second factor (see below). For the control study day all six items loaded onto a single factor. Therefore, due to inconsistent factor loadings for two items ('how dissatisfying was the lunchtime meal?' and 'how dissatisfied did you feel after the lunchtime meal?'), these items were excluded and the average of the remaining four items was taken to form a single outcome measure. Differences between the focused attention and control study days on memory vividness, visual memory for portion size, memory for satiety (self-report and expected satiety tasks) and non-food object memory were analysed with paired samples t tests. For the expected satiety task, if any food was familiar to less than 50% of participants, that meal item was excluded from the outcome measure for this task. One meal food was familiar to only 37.8% of participants (grilled fish dish) so this item was excluded, leaving 17 meal items remaining in the expected satiety task.
Results
Sample
Participants were members of staff and students at the University of Liverpool or members of the local community. Due to a higher rate of non-compliance issues than expected we recruited more participants than originally planned in order to meet the required minimum sample size (recruited N = 45). Eleven participants were excluded from the main analyses in accordance with pre-registered exclusion criteria (one because snack intake was 2.5 SD above the mean, three because they ate < 75% of the lunch on one study day, and seven because they did not comply with study instructions; this included eating between study sessions n = 2, completing study tasks in the wrong order n = 1 and not returning for the second study day n = 4). The final sample size for the . Percentage of the lunch consumed and meal satisfaction did not significantly differ across study days. On the focused attention study day meal duration was significantly longer and eating rate was significantly slower than on the normal control study day, see Table 1 .
Ad libitum snack intake
Contrary to the study hypothesis, snack food intake did not significantly differ across the two study days, t(33) = −1.30, p = 0.20, 1 The use of principle components analysis was not stated in the pre-registered protocol in error.
2 BMI was based on self-reported weight for two participants due to a scale malfunction.
V. Whitelock et al. Appetite 136 (2019) 124-129 η 2 = 0.05. See Fig. 1 .
Hunger
There was no significant main effect of study day on hunger, F (1,33) = 0.74, p = 0.40, η 2 = 0.02. There was a significant main effect of time on hunger, F(2.41,79.58) = 63.16, p < 0.001, η 2 = 0.66.
Hunger was significantly lower post-lunch compared to pre-lunch (p < 0.001), significantly higher pre ad libitum snack compared to post-lunch (p < 0.001) and significantly lower post ad libitum snack compared to pre ad libitum snack (p < 0.001). There was a non-significant effect of the interaction between study day and time, F (2.51,82.79) = 0.56, p = 0.61, η 2 = 0.02. See Table 2 .
Memory
Memory for expected satiety was significantly higher on the focused attention compared to the control study day, and memory vividness showed a trend to be higher on the focused attention compared to the control study day (see Table 3 ). Focused attention and control days did not significantly differ on self-reported memory for satiety, visual memory for portion size or the number of non-food objects recalled.
Sensitivity analyses
Eleven additional participants did not eat all of the lunchtime meal, and four guessed the aims of the study. Excluding these participants had no effect on the results for snack intake. Excluding one participant who was given two extra sandwich pieces in error on one study day also did not affect the results for snack intake 3 . Excluding additional participants as they were outliers on memory for non-food objects (N = 3), visual memory for portion size (N = 1) and expected satiety (N = 1) did not affect the results for these outcomes. Excluding an additional one participant who was an outlier on memory vividness did not affect the statistical significance of the difference between study days on memory vividness, t(32) = −1.60, p = 0.12, η 2 = 0.29.
Exploratory analyses
On the normal control study day, snack food intake did not correlate with memory vividness, expected satiety, visual portion size memory accuracy or self-reported memory for satiety (largest r = 0.13, p = 0.47). On the focused attention study day, snack food intake did not correlate with memory vividness, expected satiety, visual portion size memory accuracy or self-reported memory for satiety (largest r = 0.12, p = 0.51). Condition order effects were examined and no effects of condition order were observed (results are reported in the online supplementary materials).
Discussion
This is the first study designed to investigate the effect of focusing attention on eating during a lunchtime meal on later snack intake in men. Focusing attention on a lunchtime meal did not reduce later snack food intake in men, compared to when the same lunchtime meal was consumed without instructions to focus attention on the meal. This is in line with our previous study which found no effect of focused attention on later snack intake in a sample of men and women (Whitelock et al., 2018 ; study 1), but is in contrast to Seguias and Tapper (2018) who did find reduced later snack intake in response to focused attention in a sample of men and women. The present study also investigated the elements of episodic memory for the meal that may be enhanced by focusing attention on food consumed. On the focused attention study day, participants remembered the lunch to be significantly more satiating compared to the control study day. There was also a tendency for participants to remember the lunch more vividly than on the control study day, although this difference was small and not statistically significant.
One theory as to why enhanced memory for the satiating effects of the earlier meal did not reduce later snack intake is that men may be less motivated to use recent memory for consumption when making 25.59 (26.67) 20.18 (20.59) Note. All measured on 100-point visual analogue scales, with 0 = not at all hungry, 100 = extremely hungry. subsequent intake decisions. Women are more likely to be concerned about their weight and to diet as a result (Andreyeva, Long, Henderson, & Grode, 2010; Pollard, Steptoe, & Wardle, 1998) , which may make them more motivated to use memory for recent food intake to regulate their daily food intake. However, this reasoning is speculative and we have no direct evidence to support it. It therefore may be the case that increasing motivation to control food intake may increase the effect of focused attention on later snack intake via increased reliance on memory for recent eating. In support of this, other cognitive manipulations to increase control over food intake have been suggested to be more effective among those motivated to control food consumption (Jones et al., 2016) . Intrinsic motivation is a strong predictor of subsequent behaviour (Cerasoli, Nicklin, & Ford, 2014) and it may be the case that strategies that target attention and memory will be most effective when motivation to control food intake is high. It would now be useful for future research to test men and women in the same study in order to directly compare effects of gender and whether differences in eating motives may explain gender differences. An alternative explanation for finding no effect of focused attention on later snack intake in men is that focused attention does not have a reliable effect on later snack intake. We have also failed to find an effect of focused attention on snack intake three hours later in two previous studies (Whitelock et al., 2018) . This may be due in part to the method used to enhance attention; listening to instructions to pay more attention to what is being eaten may be uncomfortable and elicit reactance from participants (Brehm, 1966) . A message that is perceived to have the intent to influence could in theory lead to resistance to that message. The present results may also have relevance to mindfulness-based approaches that aim to reduce food intake and aid weight loss using conceptually similar techniques to those used in the present study, e.g. focused attention/present moment awareness whilst eating (Forman et al., 2016; Mantzios & Wilson, 2014) .
A secondary aim of the present study was to identify which elements of episodic memory underlie the effect of focused attention on later snack intake. Since there was no effect of focused attention on later snack intake, we are unable to answer this question. However, in the presence of reduced later snack intake after focusing attention on a lunchtime meal, Seguias and Tapper (2018) did not find enhanced memory for satiety or memory for how much food or the type of food that was consumed at lunch. Robinson et al. (2014) and Seguias and Tapper (2018) were also unable to replicate the original effect of focused attention on memory vividness. Future research should therefore consider alternative mechanisms that may explain why previous studies have found evidence that focused attention can affect later food intake, such as reduced eating automaticity, see Tapper (2017) for a detailed discussion.
Strengths and limitations
A strength of the present study was that we tested the effect of focused attention in men using an adequately powered and pre-registered study. A limitation of the present and previous studies is that we did not measure engagement with the focused attention manipulation (Higgs & Donohoe, 2011; Robinson et al., 2014; Seguias & Tapper, 2018; Whitelock et al., 2018) , although the slower eating rate and longer meal duration on the focused attention study day supports that participants did engage with the focused attention instructions. Despite this, eating rate as measured in this study may not be completely reliable, as participants may not have notified the researcher as soon as they had finished eating. Future research should use more accurate and reliable measures to confirm this finding. It may also be beneficial in future research to counterbalance the order in which meal memory and later food intake are measured to minimise potential order effects. Previous research examining the effect of focused attention has tended to adopt a between-subjects design, whereas here we used a within-subjects design. Although there are benefits to adopting a within-subjects design (e.g. increased statistical power), there are potential weaknesses, such as potential order effects or participants becoming aware of study aims. However, we did not observe order effects and analyses which excluded a minority of participants aware of the study aims were consistent with our main analyses. As the current study did not directly compare men and women it is not possible to conclude whether men and women would have responded similarly in the current study. This underlines the need to directly compare men and women in future work. The current study and previous work have tended to provide high energy foods for both lunch and the taste-test, and it may be interesting for future research to examine the effects of focused attention on consumption of lower energy foods. Future work may also benefit from instructions to participants to not undertake physical activity or requiring participants to stay in the laboratory during the interval between study sessions in order to control for this. Finally, the current study sample was likely of higher socioeconomic status (SES) than the general population, so the generalisability of the results to lower SES groups is unclear.
Conclusions
The present study found that focused attention during eating enhanced memory for satiety of that meal, but did not reduce later snack intake in men. Further research is needed to understand when focused attention influences subsequent food intake before this approach can be used effectively to reduce food intake.
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